The effects of dietary lard on serum glucose (GLU) and lipids were determined in AthensCanadian randombred broiler chickens. Birds were provided either 0, 3, or 7% added lard in nonisocaloric starter diets through 10 d of age (Sl), followed by either 3 or 7"/0 added dietary lard through 21 d of age (S2). A common grower diet was fed to all birds after 21 d. Body and organ weights, feed conversion, and concentrations of various blood constituents, including serum GLU and lipids, were determined weekly from 14 to 42 d of age. Constant levels of added fat in both S1 and S2 diets generally led to higher BW in males at 42 d. Relative testes weight at 14 d was higher in males fed 3% than in those fed 7% S2 diets, whereas 7"/0 added lard in S2 diets preceded by no added fat in S1 diets resulted in higher relative spleen weights in males at 42 d. Serum GLU concentrations were highest in males that received 3% lard rather than no added lard in the S1 diet. Serum low density lipoprotein cholesterol (LDLC) concentrations at 14 d were highest in females fed constant levels of lard at either 3 or 7% in both starter periods. It was concluded that added lard fed to randombred chickens at various times and levels in starter diets elicited responses in orgali weight and serum LDLC and GLU concentrations that varied with the sex and age of the bird and were not consistently related to BW.
INTRODUCTION
Numerous studies indicate that birds are capable of using appreciable quantities of dietary fat as an energy source (Donaldson et al., 1957; Griminger, 1986) . In broiler chickens, the effects of dietary fat on weight gain are influenced by age (Essary and Dawson, 1965 ; Deaton et al., 1979) and the amount of fat added to the diet (Hargis and Creger, 1980;  Jensen et al., 1987) . Increased dietary fat levels can alter liver metabolism (Donaldson, 1979) . Latour et al. (1994) reported increased fecal fat and decreased liver weight during the first 11 d posthatch by adding 7% lard to broiler diets during that time. Likewise, Sheppard et al. (1980) have shown that relative liver weight in broilers is suppressed between 1 and 22 d posthatch with increased fat levels in the diet. It is well known that lipoproteins are largely responsible for randomly assigned to six dietary treatment groups of 172 birds each. The sexes were intermingled during growout because males and females were indistinguishable externally at hatch. Each treatment was allotted four replicates, for a total of 24 pens. There was an average of 43 chicks placed in each pen, so that initially each bird occupied approximately 0.11 m2 of floor space. The pens were floor pens with pine shavings as litter. Birds were provided with continuous light, and feed and water were provided for ad libitum consumption. The birds were fed diets with various levels of added lard. A Starter 1 (Sl) diet was fed from 0 to 10 d of age, at a level of 0, 3, or 7"/0 added lard. A Starter 2 (S2) diet was fed from 11 to 21 d of age, at a level of 3 or 7% added lard. At 21 d of age, all birds were given a common grower diet. analyses, and into nonheparinized tubes for analyses of serum GLU, cholesterol (CHOL), high density lipoprotein cholesterol (HDLC), and triglycerides (TRIG). Concentrations of very low density lipoprotein cholesterol (VLDLC) were estimated as TRIG/5, and low density lipoprotein cholesterol (LDLC) as the difference between CHOL and the combined concentrations of HDLC and VLDLC (Friedewald et al., 1972) . After blood collection, each bird was euthanatized by cervical dislocation for determination of sex and relative [(grams of organ per grams BW) x 1001 liver, gall bladder, gonad, spleen, and pancreas weights. Within each pen, between one and three birds from each sex were sampled, with an average of two birds from each sex.
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Statistical Analysis
A completely randomized experimental design was used. A two-way split-plot analysis with a 3 (S1 diets) x 2 (S2 diets) factorial arrangement of treatments split on age was used for gonad weight and FC and FI analyses. A 
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three-way split-plot analysis with a 3 (S1 diets) x 2 (S2 diets) x 2 (sex) factorial arrangement of treatments and sex split on age was used for all other parameters. Fisher's protected least sigruficant difference test was used to partition the means when a significant main effect was observed or to compare subclass means when age, S1 diet, S2 diet, or sex interactions were significant (Steel and Torrie, 1980 Males had a significantly (P had significant weight gains over each time period between 0 and 42 d; however, the effects of diet on BW were determined only between 14 and 42 d. There was a significant (P < 0.005) age by S1 diet by S2 diet interaction in male birds (Table 3) . There were no significant dietary effects in females. Among males at Day 42, the 3% s1-3% S2 and 7% s1-7% S2 diet combinations had the highest BW, which were significantly heavier than the 3% s1-7% S2 birds. The 0% S1-3% S2 males were intermediate to and not significantly different from the two heaviest groups and the 3%-7"/0 birds; however, the 0% s1-3% S2 males were significantly heavier than those given the 7% S1-3% S2 diets. The lowest BW occurred in those males fed 0% S1-7"/0 S2 diets. These males were significantly lighter than the 3%-7"/0 birds, but only numerically lighter than those fed 7% S1-3% S2 diets. Among all Sl-S2 diet combinations, BW increased significantly each week between 14 and 42 d, except in the 0%-7%, 7%-3%, and Table 4) . The effects of diet on FC were determined for all time periods between 10 and 42 d, and the effects of diet on FI were determined for all time periods between 21 and 42 d. However, no significant dietary effects were noted for either parameter at any time.
There were no sex or dietary effects noted for relative pancreas (RPW), liver (RLW), or gall bladder (RCBW) weights. However, RLW decreased weekly between 14 and 28 d of age (Table 5) , whereas RGBW did not change with age. Relative ovary weight was not affected by diet but was increased at 42 d relative to that at 28 d, and was increased at 35 d relative to that at 42 d (Table common superscript differ significantly (P < 0.05).
d.
5).
There was a significant (P < 0.02) age by S2 diet interaction for relative testis weights (RTW) ( Females had significantly (P < 0.007) larger relative spleen weights (RSW) than males. Mean RSW in females was 0.166 and in males was 0.153 (SEM = 0.0028). There were no significant dietary effects on RSW in females; however, there was a significant (P < 0.04) age by S1 diet by S2 diet interaction for RSW in males ( Table 7) . At 42 d, males fed no added lard in the S1 diet, but 7' 30 in the S2 diet, had significantly larger RSW than all other S1-S2 combinations. Further, those fed 3%3% and 7%-3% combinations were significantly higher than the 7%-7% group, with the 0%-3% and 3%-7% S142 combinations intermediate. Relative spleen weight was significantly increased at 21 d compared to 14 d in those males fed 3% S2 diets preceded by either 0% or 3% S1 diets. Increased RSW were also evident at 42 relative to 35 d in all dietary treatment groups, except those given 7% S1 and S2 diets.
Serum GLU, CHOL, HDLC, TRIG, and VLDLC concentrations changed with bird age when pooled across diet and sex (Table 8) . Glucose concentrations at There were no dietary effects on serum LDLC in males; however, there was a significant (P < 0.02) age by S1 diet by S2 diet interaction for LDLC in females ( Table  9 ). Significant (P < 0.04) dietary effects on serum LDLC in females were noted only at Day 14, while the birds were still receiving the S2 diet. In females receiving a 7% S1 diet, a 7"/0 S2 diet led to higher LDLC than did all other diet combinations except 3% S1-3% S2. In addition, in birds given a 3% S1 diet, a 3% S2 diet produced higher LDLC than in those given a 7% S2 diet. Serum LDLC was also highest at 14 d of age in females fed constant levels of added lard at either the 3 or 7"/0 levels through both the S1 and S2 periods. Peaks tended to occur later at 21 d in those birds fed 0% S1-7% S2 or 7%_ %-3% S2 combinations. No sex or dietary effects were noted for Hct, Pro, or Hb (data not shown). 
DISCUSSION
The effects of dietary fat on growth are variable depending on the nature of the fat, the type and age of bird, and the ca1orie:protein ratio of the diet to which the fat was added (Hargis and Creger, 1980) . Young chicks are inefficient in their utilization of fats (Carew et al., 1972) , whereas the AME value of dietary fat in broilers is increased between 1.5 and 3.5 wk of age (Wiseman and Salvador, 1989) . The independent effects of energy and fat cannot be completely identified in this study. However, these differences were more clearly elucidated with other unpublished work in our laboratory, which utilized broiler breeder hens fed nonisocaloric diets containing different levels of added fat. The diets froh that study also included a 3% level as in the present study. Examination of the data by contrast analysis partitioned out the effects of energy and fat on BW, reproductive capacity, and subsequent egg quality and embryogenesis. All significant effects were due exclusively to fat and not energy in the diets. Brake et al. (1993) reported that increased starter dietary fat levels may increase carcass quality in market age broilers. This effect may be due to the presence of the fat itself, and not the increased ME in the diet per se (Zubair and Leeson, 1994) . Fuller and Rendon (1979) have found that there were no consistent differences among a number of dietary fats that were tested with regard to efficiency of ME utilization for growth or fattening in broilers. Hargis and Creger (1980) also decreased abdominal fat in broilers at 49 d when supplemental fat was decreased in the diet between 0 and 7 d, regardless of the ME of the fat. These earlier reports would further suggest that the dietary effects observed in this study are also largely due to the added fat itself and not the influence of the added fat on the energy level of the diet.
Although males were generally heavier than females, Barbato (1992) reported no sex effects in AC birds selected for either 14-or 42-d exponential BW gain under nearly identical environmental conditions. However, these data indicate that not only were males heavier than females at Days 21,28,35, and 42, but that sex influenced the effects of dietary fat level on growth in unselected AC birds. Male and female AC birds may, therefore, respond similarly to factors that affect overall BW such as selection, but may respond differently to others, like dietary fat, that more specifically influence fat metabolism. Male broilers have been found to have more abdominal fat than females through 49 d, but less than females after 49 d (Hargis and Creger, 1980) . A starter diet with 770 added lard was shown to increase BW in broilers between 6 and 11 d of age, but added lard at the 3 or 7"/0 level had no effect between 0 and 5 d of age (Latour et al., 1994) . However, the sex of the birds were not considered in that study. Jensen et al. (1987) found that BW was not affected at 7 wk of age in male broilers that were exposed to different dietary fat levels during the 1st wk of life. Conversely, the BW of only males in this study were affected by dietary fat, with the effects of the S1 and S2 diets varying with age. More specifically, at 42 d, males fed constant levels of either 3 or 7'70 added fat in both S1 and S2 diets tended to have the highest BW. Also, following no added fat in the S1
period, 7% rather than 3% added fat in the 52 period caused a BW reduction at 42 d in males. Otherwise, the effects of feeding different combinations of the fat levels in the S1 and S2 diets were variable. These results suggest that differences in fat absorption and utilization exist between male and female AC birds during growth. A slightly more rapid rate of growth in males over the 42-d period may have caused them to be more sensitive to the influences of added fat. However, this apparently did not culminate into noticeable treatment differences
Turkey poults fed diets with various types of saturated and unsaturated fats at the 5% level generally ate less of the fat-supplemented diets and demonstrated improved feed utilizations with little effect on weight gain (Leeson and Atteh, 1995) . Feed intake can evidently be influenced by dietary fat with subsequent effects on feed utilization or FC, Because the effects of sex on FI and FC were not determined in this study, the relationships of these parameters to the differential BW responses of males and females to added dietary fat could not have been detected. Nevertheless, the lack of any significant dietary treatment effects on FI would suggest that the fat exerted a more direct effect on BW as it became available for absorption in the gut of AC birds in proportion to its level in the diet.
In the present study, males that received consistent amounts of added lard (the 7% s1-7% S2 and 3% s1-3% S2 combinations) generally had the highest BW at 42 d.
Added fat in the diet demonstrates a potential to promote growth; the consistent levels throughout the S1 and S2 periods possibly allowing birds to be more efficient in their utilization. However, males that were fed 3% added lard in the S2 diet preceded by no added fat in the S1 diet had BW that were not significantly lower than BW of the highest BW groups. These birds also had BW that were significantly higher than those in the 0% s1-7% S2 group. This result would further suggest that the effectiveness of dietary fat in the S2 period when preceded by no added fat in the S1 period is dependent on the level at which the fat is added. The inhibitory effect observed in the 0%-7a/0 group may have resulted from the transition to a fat level in the S2 diet to which the bird could not appropriately respond without sufficient prior exposure in the S1 diet. Such a large change in dietary fat content may have negatively influenced their absorptive and storage capabilities. In concurrence, it has been noted that in rats there was an increased capacity to absorb and oxidize dietary fats, when the animals were previously exposed to a higher fat diet (Reed et al., 1991) . This was, in part, evidenced by increased plasma TRIG and a decreased percentage of fecal fat.
Although FC values obtained for these birds between 28 and 42 d of age are higher than that reported (2.37 # 0.0052) by Thomas et al. (1958) in 1950s New Hampshire strain chickens between 28 and 42 d of age, some of the variation observed in FC over time was expected. Feed conversion is typically quite favorable during the 1st wk after hatch, when the relative growth rate is the largest. IMean, SEM = 13.70, based on pooled estimate of variance and n = 4. 2Missing data due to insufficient sample collection.
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Feed conversion then increases as relative growth rate drops sharply during the first few weeks after hatching (Brody, 1927; Marks, 1979 Marks, ,1991 Donaldson (1979) suggested that increased fat levels may reduce hepatic lipogenesis in the chick. Accordingly, a decrease in liver size in birds fed higher fat diets relative to those fed lower levels would be expected (Latour et al., 1994) due to a decrease in hepatic lipase activity as a result of an increase in the proportion of fat to GLU calories available to the bird (Sheppard et al., 1980) . Other researchers have also indicated that decreased liver size may be partly a result of a decrease in soluble carbohydrates in the liver due to added dietary fat (Leveille et al., 1975; Shapira et al., 1978) . However, these birds apparently were able to accommodate for these dietary differences so that RLW was not appreciably affected.
At Day 14, RTW was increased in males fed 3% S2 compared to 7% S2 lard diets. Observable dietary effects in the S2 period suggest that added fat affected RTW only during a period when testicular development may have been more rapid. Testes must achieve an appropriate size during growth before they become fully functional. Certain levels of fat, along with other dietary factors, provided during periods of increased testicular growth may, therefore, be important to fertility and onset of sexual maturity in unselected birds. Indeed, because the aromatization capacity of adipose tissue in the production of estrogen is large (Tepperman, 1981) , testis development may be associated with differences in carcass fat deposition. Unlike RLW, RSW was different between the sexes, with RSW being higher in females than males. In addition, the effects of dietary fat on RSW were limited to males. However, Latour et al. (1994) found that added dietary lard at the 3 or 7% levels did not affect RSW in mixed-sex broiler chicks during the first 5 d posthatch. Brake and Thaxton (1979) have also reported that complete feed withdrawal for 10 d does not affect RSW. Friedman and Sklan (1995) have concluded that dietary fatty acid composition can influence the immune response in broilers. The fatty acid compositions of the spleens in their study reflected the composition of the diet and antibody response was influenced by polyunsaturated fatty acid concentration. In fish, certain fatty acids, such as oleic acid, <are required for T cell formation (Hunt and Margetts, 1987;  Roitt et al., 1993) . Nonetheless, the reason for differences in quantities of splenic tissue at 42 d in males fed various S1-S2 dietary lard combinations is unclear.
When compared to no added fat S1 diets, 3% S1 diets increased serum GLU in males. Similarly, Latour et al. (1994) found that by Day 8, broiler chicks fed 3% added lard had the highest serum GLU, but with no differences occurring at Days 7,9, 10, or 11. The lack of observable changes in RPW in this study suggest that changes in GLU utilization in males did not involve changes in pancreas size. The 3% diet may promote the availability of energy in the form of GLU; however, the inconsistent effects of 3% S1 diets in males does not implicate increased serum GLU as a major factor promoting increased BW in males.
Because HDL are the main CHOL carriers in birds (Hermier and Dillon, 1992) , approximately 75% of the chicken's total CHOL is HDL (Yu et al., 1976;  Gould and Siegel, 1985) . Therefore, CHOL and HDLC concentrations in the different sexes would tend to mirror each other. Latour et al. (1995) have reported changes in CHOL, HDL, LDL, and TRIG in broiler chicks between 0 and 9 d of age, with CHOL concentrations exceeding those of HDL through 2 d of age, but with changes in each being similar over time. However, the effects of sex on those parameters were not evaluated. Serum CHOL and HDLC concentrations were found to be higher in male than in female randombred birds in the present study. The data from this study also indicate that age as well as sex plays a role in LDL metabolism. In females receiving a 79'0 S2 diet, LDLC concentrations were higher in those that previously received 7% rather than 3% added lard in the S1 diet. Treatment differences were evident only while the birds were receiving the added fat (i.e., 14 d). Such a pattern has not been detected in other studies using varying levels of fats in the diets of other birds (Allen and Wong, 1993;  Cheaney et al., 1993) .
Moreover, studies involving pigeons have suggested that dietary fat may have an inverse relationship to LDL concentrations (Hermier and Dillon, 1992) .
Although pre-exposure to dietary fat may modify BW as well as immediate responses in LDLC, serum TRIG and VLDLC were unaffected by either the S1 or S2 diet. In older birds, studies show high TRIG (Allen and Wong, 1993) values in birds fed high-fat diets, whereas Latour et al. (1994) found that broiler chicks 9 d of age had reduced serum TRIG when fed 3 or 7% added dietary lard. These results combined with data from this study further indicate that dietary fat may have differing effects on various serum lipids in birds, and that these effects are influenced by the type, age, and sex of the bird.
In conclusion, constant levels of dietary fat at 3 or 7"/0 between 0 and 21 d tended to increase BW in male AC birds. However, added lard fed to randombred chickens at various times and levels in starter diets elicited responses in organ weight and serum LDLC and GLU concentrations, which varied with the sex and age of the bird and were not consistently related to BW.
